INTRODUCTION
Many radionuclides such as iodine (I), cesium (Cs), and strontium (Sr) were scattered by the explosion at the Fukushima Daiichi Nuclear Power Station caused by the Great East Japan Earthquake on March 11, 2011. Steinhauser et al. (2014) estimated a total source term of 520 (340-780) peta-becquerels (PBq) or about one-tenth the radiation released during the 1986 Chernobyl disaster. The radiation has been released to soil, sea and river widely around Fukushima Cs, and 90 Sr may lead to long term ill health effects. Many reports show the effects of low level radiation. A comprehensive review of available biological and biophysical data supports a linear no-threshold (LNT) risk model where the risk of cancer occurs in a linear fashion at lower doses without a threshold (NAS/NRC, 2006 , Royal, 2008 . Romanenko et al. (2012) reported that exposure to low doses and to low dose-rates of radiation from post-Chornobyl cleanup work was associated with a significant increase of risk in leukemia. Nzabarushimana et al. (2014) report exposure to low doses of 56 Fe causes an increased in chemokine Ccl3, and interleukin Il-4 expression; and interloikine and global DNA hypermethylation in the mouse lung. Taira et al. (2014) reported forewing size reduction, growth retardation, high mortality rates, and high abnormality rates in pale grass blue butterflies, Zizeeria maha, captured from the Fukushima area. Lactic acid bacteria (LAB) have biosorption ability for heavy metals. Recently, we reported that LAB showed high biosorption of cadmium ion (Cd  2+ ) into the body, and may efficiently discharge them from the body via feces. Thus, our aims were to examine the Cs + and Sr 2+ biosorption ability of LAB derived from food using an in vitro mass-screening.
MATERIALS AND METHODS
Seventy-seven strains of lactic acid bacteria were isolated from various foods, e.g., rice, bovine and porcine intestines (called Horumon in Japan), Japanese pickles, Japanese Amazake, kimchee, and yogurt. Bacterial strains were propagated twice at 37°C for 24 h in MRS broth with 2% (v/v) inoculum before the experiments. Non-radioactive Cs + and Sr 2+ were used in this study. The mass-screening of LAB having either Cs + or Sr 2+ binding ability was performed using the culture method. MRS broth (Difco Laboratories, Detroit, MI) containing 10 ppm Cs + or Sr 2+ was prepared using a 1,000 ppm Cs standard (CsNO3 in 2-3% HNO3) (Merck, Darmstadt, Germany) or 1,000 ppm Sr standard (Sr (NO3)2 in 2-3% HNO3) (Merck, Darmstadt, Germany), respectively. Tests with ions were performed separately. Seventy-seven LAB strains isolated from food were propagated at 37°C for 24 h in 10 ml of MRS broth containing either 10 ppm Cs + or 10 ppm Sr 2+ . Bacterial cells after culture were washed three times with sterile distilled water and the wet weight of the cells was measured. The pellets were suspended in 10% HNO3 and heated at 105°C for 2 h. A few drops of hydrogen peroxide (H2O2) were added where the liquid was completely vaporized to lyse and degrade the cells. The remaining Cs + or Sr 2+ was diluted with 10 ml of 5% HNO3 and 5,000 ppm (final concentration) potassium nitrate solution (Merck, Darmstadt, Germany) was added; and the concentrations were measured using an atomic absorption spectrophotometer (AAS) SpectrAA-55 (Agilent Technologies, Santa Clara, CA). The Cs + or Sr 2+ biosorption by selected strains was tested in buffer (the buffer method). Bacterial cells cultured for 24 h were washed three times with distilled water, and the pellet was measured with the same weight as the culture method. The pellet was suspended in 10 ml of 10 mmol/L sodium citrate buffer (pH 6.0) containing 10 ppm Cs + or Sr
2+
, and was incubated at 37°C for 1 or 24 h. After incubation, the suspension was centrifuged (8,000 rpm, 10 min, 4°C) and the Cs + or Sr 2+ concentration of the supernatant with 5,000 ppm (final concentration) potassium nitrate solution added was measured using AAS. Buffer containing no Many radionuclides were scattered by the explosion at the Fukushima Daiichi Nuclear Power Station. We examined whether lactic acid bacteria (LAB) can sorb cesium ions (Cs + ) and strontium ions (Sr 2+ ) for radioprotection. ; and was incubated at 37°C for 1 h. After incubation, the bacterial cells were centrifuged (5,000 rpm, 10 min, 4°C); and the Cs + or Sr 2+ concentration of the supernatant was measured using an inductively coupled plasma mass spectrometer (ICP-MS) ELAN DRC-e (Perkin Elmer SCIEX, Boston, MA). Cs + or Sr 2+ solution (1 ppb) containing no bacteria was used as the control. The rate of biosorption (%) was calculated by subtracting the sample value from the control value. The assays were performed in triplicate and all data were reported as the mean ± SD. The data was assessed using analysis of variance (ANOVA). When ANOVA was significant, the significance of differences was determined using the twotailed t-test with Bonferroni adjustments. Cs, and 90 Sr radioisotopes. The three strains were identified using the Gram stain, catalase test and 16S rDNA sequencing analysis. MYU 111 isolated from pickled Japanese radish was identified as Lactobacillus plantarum, and MYU 758 and 759 isolated from rice were Pediococcus pentosaceus. We selected these three strains showing high biosorption for further experiments. Figure 1 shows the data for Cs + or Sr 2+ biosorption using the culture and the buffer methods. Cs + biosorption using the buffer method incubating for 1 h was significantly higher than the culture method for L. plantarum MYU 111 and P. pentosaceus MYU 758 (p＜0.01) although no significant difference was observed in P. pentosaceus MYU 759 comparing the two methods. The Cs + biosorption using the buffer method incubating for 24 h was lower than the buffer method incubating for 1 h; and had a significant difference at 24 h compared to the culture method (none for MYU 758). Cs + may be incorporated into the cells because Cs + behaves like K + . A portion of the sorbed Cs + may be quenched by 24 h. Sr 2+ biosorption using the buffer method incubating for 1 h and 24 h was significantly higher than the culture method in all selected strains (p＜0.01). Especially, P. pentosaceus MYU 759 showed the highest biosorption at 13.67 ± 0.05 g, about 14% of the total Sr 2+ . Sr 2+ may be bound to cell surface proteins because Sr 2+ behaves like Ca 2+ whose concentration is lower inside a cell causing a gradient. The difference in the amount of biosorption using the buffer method and the culture method may be related to competitive ions such as Na + , K + , Ca 2+ , and Mg 2+ . And/or, the pH may influence sorption because pH becomes lower using the culture method after 24 h. The competitive ions and/or the low pH may have more strongly inhibited biosorption because the Sr 2+ biosorption was higher than the Cs + biosorption using the buffer method. Using the culture method, the bacterial cells were propagated at 37°C for 24 h in MRS broth containing 10 ppm Cs + or Sr 2+ . After washing with sterile distilled water, the Cs + or Sr 2+ concentration of the pellets was measured (n=3). Using the buffer method, the bacterial cells cultured for 24 h were washed three times with distilled water, the pellet was suspended with 10 mmol/L sodium citrate buffer (pH 6.0) containing 10 ppm Cs + or Sr 2+ , and was incubated at 37°C for 1 or 24 h. After incubation, the suspension was centrifuged and the Cs + or Sr 2+ concentration of the supernatant was measured (n=3). The amount of biosorption (μg) was calculated by subtracting the sample value from the control value. The same weight of bacteria was used in both methods. *: Significant difference compared to the culture method (p<0.01). ＃: Significant difference compared at 1 h to the buffer method (p<0.01).
RESULTS AND DISCUSSION

Comparison of the culture method and the buffer method
Biosorption assay at low concentrations of Cs + or Sr
2+
LABs are required to show biosorption at low concentrations because people may eat food containing very low concentrations of radioactive Cs + and Sr
. Figure 2  shows The bacterial cells cultured for 24 h were washed three times with MilliQ water; 0.05 g of the pellet was suspended with 5 ml of MilliQ water containing 1 ppb Cs + or Sr 2+ ; and was incubated at 37°C for 1 h. After incubation, the bacterial cells were centrifuged (5,000 rpm, 10 min, 4°C); and the Cs + and Sr
concentration of the supernatant was measured using ICP-MS (n=3), respectively. The rate of biosorption (%) was calculated by subtracting the sample value from the control value.
Possibility of radio protection using LAB
Some reports show the radio protective effects of LAB and yeast. Nomoto et al. (1991) report a single subcutaneous dose of heat-killed L. casei YIT 9018 (LC 9018) was highly radio protective when given shortly after irradiation in mice. Tsuneoka et al. (1994) reported a single dose of LC 9018 was radio protective, even when administered as late as 30 h after or as early as 7 days before irradiation. The extent of the radio protective effect was similar when LC 9018 was administered during the period from 2 days before irradiation to 9 h after irradiation, although the pre-irradiation treatment was slightly more effective than the post-irradiation treatment. Ciorba et al. (2012) reported orally administered L. rhamnosus GG (LGG) and its conditioned medium protected the murine small intestinal epithelium from radiation injury.
LGG-mediated radio protection is dependent on MyD88, TLR-2, and COX-2, and occurs without significantly altering the bacterial family composition of the small intestine. Administering
LGG did not change the COX-2 levels; however it results in a repositioning of COX-2-expressing mesenchymal stem cells of the lamina propria from the villi to the crypt region. Anzai et al. (2008) reported radio protection of mice using intraperitoneal administration of Zn-, Mn-, Cu-, or Se-containing heat-treated S. serevisiae. When mineral-yeasts were administered immediately after irradiation, the survival rate was higher where Zn-or Cu-yeast showed the highest rate (more than 90%). These facts show the possibility of lowering the internal exposure using LABs; however further study in long-term irradiation at low doses is needed because these previous studies were performed at lethal doses. 
CONCLUSION
It is important to prevent the absorption of Cs + and Sr 2+ into the body because they accumulate in muscle (Fukuda et al., 2013) and bone (Dahl et al., 2001) , respectively, during long-term radiation exposure. In this study, we tested the biosorption ability of 77 LABs and found LABs showed biosorption of Cs + and Sr 2+ . This is the first study where LABs were shown to biosorp Cs + and Sr 2+ . We believe oral ingestion of LAB showing high biosorption of Cs + and Sr 2+ can prevent the absorption of Cs + and Sr 2+ into the body, and may be discharged via feces from the body efficiently. This study is the first step to attempt lowering the internal radiation exposure using using LABs.
